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6) 13 Claim(s) 1-19 is/are rejected. 
/)□ Claim(s) is/are objected to. 

8) n Claim(s) are subject to restriction and/or election requirement. 
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DETAILED ACTION 

This office action is in response to the amendment filed September 9, 2005. 

Specification 

The disclosure is objected to because of the following informalities: In the first line of the 
specification, the patent number of the application should be inserted. 
Appropriate correction is required. 

Drawings 

The replacement drawings were received on September 9, 2005. These drawings are 
approved. The objections to the drawings are withdrawn. 

Claim Rejections - 35 USC§112 

The following is a quotation of the first paragraph of 35 U.S.C. 1 12: 

The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

Claims 1-19 are rejected under 35 U.S.C. 1 12, first paragraph, as failing to covapXy with 
the written description requirement. The claim(s) contains subject matter which was not 
described in the specification in such a way as to reasonably convey to one skilled in the relevant 
art that the inventor(s), at the time the appUcation was filed, had possession of the claimed 
invention. As amended, independent claims 1,10 and 19 recite the limitation of performing a 
chemical oxide removal process on a surface so as to remove oxygen fi-omthe surface and 
leaving a remaining amount of oxygen at the surface "wherein the remaining amount of oxygen 
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comprises less than 5x10^^ atoms/cm^" (emphasis added). This is the opposite of what 
Applicant recites throughout the specification. Applicant's attention is directed to: 

Page 5, paragraph 0020 of the specification, "When a small amount of oxygen 
remains (> 5 x 10^^ /cm^), the surface stays smooth." 

Page 6, paragraph 0021 of the specification, "However, the small amount of 
oxygen (> 5 x 10^^ /cm^) remains in the region to prevent surface roughening." 

Page 6, paragraph 0022 of the specification, "This HF etch process removes most 
of the oxide at the surface, however, a small amount of oxygen remains at the surface, 
typically with a dose of 1x10 -1x10 /cm oxygen. . .The higher the Ge content, the 
more remaining oxygen. An oxygen dose of 5 x 10^^ - 2 x 10^* /cm^ is typically observed 
on SiGe surface with 15-25% Ge content, while higher oxygen doses are possible with a 
non-optimized HF etch process." 

Page 7, paragraph 0025 of the specification, "The inventors found the surface 
stays smooth when there is a small amount of oxygen (e.g., sub-monolayer) remaining at 
the surface (> 5xl0^^/cm^). For example, a lO^m x 10p,m AFM image taken before and 
after the hydrogen bake shows less than 1 A RMS roughness change for the samples with 
at least 5x10^ /cm^ oxygen remaining". 

Applicant's specification states that the concentration of oxygen at the surface after the 
ex-situ oxide removal process must be greater than 5x10^^ /cm^ to avoid surface roughness and 
does not ever state that the concentration can be less than 5x10^^ /cm^. Therefore, the 
limitations in claims 1-19 that the remaining amount of oxygen is less than 5x10^^ atoms/cm^ 
are not supported by the original specification and/or original claims of the application. 



Claim Rejections - 35 USC §103 

The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office action. 

Claims 1-4, 6-14 and 16-19 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over the admitted prior art in view of Comita et al. (US 6,774,040). 

Regarding claim 1, the admitted prior art discloses performing an ex-situ chemical oxide 
removal process on a silicon germanium (SiGe) surface so as to remove oxygen from the SiGe 
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surface, thereby leaving a remaining amount of oxygen at the SiGe surface, heating the SiGe 
surface in a hydrogen bake to remove the remaining amount of oxygen from the SiGe surface, 
and epitaxially growing an epitaxial silicon-containing layer on the SiGe surface (pg. 4, para. 
0017 - pg. 5, para. 0020). The admitted prior art discloses that this oxygen removal process 
results in a rough SiGe surface. The admitted prior art does not disclose that the hydrogen bake 
step includes heating the SiGe surface in a chlorine-containing environment. Like the admitted 
prior art, Comita discloses a method of preparing a semiconductor surface, which may include 
SiGe, for subsequent silicon epitaxial deposition, wherein the method of preparing the 
semiconductor surface involves subjecting the surface to a hydrogen bake (col. 1, In. 35-63; col. 
7, In. 8-25). Comita teaches that by adding HCl and a silane-type gas to the hydrogen bake step, 
the semiconductor surface can be prepared such that it has the exceptional smoothness that is 
advantageous in the art (col. 1, In. 35-63). Comita teaches that the ratio of the gases within the 
chlorine-containing environment can be adjusted so that no silicon is deposited onto the 
semiconductor surface (col. 1 1, In. 41-67). At the time of the invention, it would have been 
obvioxis to one of ordinary skill in the art to add HCl and a silane-type gas to the hydrogen bake 
step of the admitted prior art because the admitted prior art recognizes that surface roughness is a 
problem and Comita teaches that by adding the HCl and silane-type gas to the hydrogen bake 
step, surface roughness can be avoided. The admitted prior art does not state the specific amount 
of oxygen that is left remaining after the ex-situ chemical oxide removal process. However the 
admitted prior art states, "A typical HF etch (the ex-situ chemical oxide removal process) will 
remove most of the native oxide, but still leaves a small amount of oxide, but still leaves a small 
amount of oxygen 30 at the SiGe surface" (paragraph 0021). Therefore, it appears that the 
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conventional HF etch disclosed by the admitted prior art inherently leaves an amount of oxygen 
at the semiconductor siuface that is within the range recited by Applicant. 

Regarding claims 2 and 12, Comita teaches that by using the H2/HCl/silane-type gas 
heating method, the semiconductor surface can be formed such that it has a total RMS value of 
less than 0. 1 nm (1.0 Angstrom). 

Regarding claims 3 and 13, the admitted prior art and Comita disclose that the epitaxial 
silicon-containing layer can be silicon (Si). 

Regarding claims 4 and 14, the admitted prior art discloses that the ex-situ chemical 
oxide removal involves a hydrofluoric acid etch. 

Regarding claims 6, 9, 16 and 18, Comita discloses that the chlorine-containing hydrogen 
bake environment includes a mixture of a larger flow of hydrogen with smaller flows of HCl and 
dichlorosilane (DCS) (col. 13, In. 7-25; col. 1 1, In. 64 - col. 12, In. 19). 

Regarding claims 7, 8 and 17, Comita discloses that the ratio of HCl and DCS can be 
varied according to the degree of smoothness desired (col. 3, In. 49-57; col. 1 1, In. 23 - col. 12, 
b. 29). At the time of the invention, it would have been obvious to one of ordinary skill in the 
art to select a ratio of HCl and DCS that provides either a zero or positive etch rate because 
Comita teaches that the ratio of HCl and DCS can be varied according to the degree of 
smoothness desired. 

Regarding claim 10, the admitted prior art discloses performing an ex-situ chemical oxide 
removal process on a silicon surface so as to remove oxygen from the silicon surface, thereby 
leaving a remaining amount of oxygen at the silicon surface, heating the silicon surface in a 
hydrogen bake to remove the remaining amount of oxygen from the silicon surface, and 
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epitaxially growing an epitaxial silicon-containing layer on the silicon surface (pg, 4, para. 0017 
- pg. 5, para. 0020). The admitted prior art discloses that this oxygen removal process results in 
a rough silicon surface. The admitted prior art does not disclose that the hydrogen bake step 
includes heating the silicon surface in a chlorine-containing environment. Like the admitted 
prior art, Comita discloses a method of preparing a silicon surface for subsequent silicon 
epitaxial deposition, wherein the method of preparing the silicon surface involves subjecting the 
surface to a hydrogen bake (col. 1, In. 35-63; col. 7, In. 8-25). Comita teaches that by adding 
HCl and a silane-type gas to the hydrogen bake step, the silicon surface can be prepared such that 
it has the exceptional smoothness that is advantageous in the art (col. 1, In. 35-63). Comita 
teaches that the ratio of the gases within the chlorine-containing environment can be adjusted so 
that no silicon is deposited onto the semiconductor surface (col. 1 1, In. 41-67). At the time of the 
invention, it would have been obvious to one of ordinary skill in the art to add HCl and a silane- 
type gas to the hydrogen bake step of the admitted prior art because the admitted prior art 
recognizes that surface roughness is a problem and Comita teaches that by adding the HCl and 
silane-type gas to the hydrogen bake step, surface roughness can be avoided. The admitted prior 
art does not state the specific amount of oxygen that is left remaining after the ex-situ chemical 
oxide removal process. However the admitted prior art states, "A typical HF etch (the ex-situ 
chemical oxide removal process) will remove most of the native oxide, but still leaves a small 
amount of oxide, but still leaves a small amount of oxygen 30 at the SiGe surface" (paragraph 
0021). Therefore, it appears that the conventional HF etch disclosed by the admitted prior art 
inherently leaves an amount of oxygen at the semiconductor surface that is within the range 
recited by Applicant. 
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Regarding claim 1 1, the admitted prior art does not disclose any particular type of 
semiconductor substrate or integrated circuit device. Comita teaches that his surface smoothing 
method is applicable to a SOI substrate. At the time of the invention, it would have been obvious 
to one of ordinary skill in the art to apply the methods taught by the admitted prior art and 
Comita to any semiconductor substrate or surface on which surface roughness is desired to be 
smoothed because, as is stated by the admitted prior art, surface roughness is a well-known 
problem and because strained silicon surfaces and pattemed thin silicon-on-insulator substrates 
are well-known in the art. 

Regarding claim 19, the admitted prior art discloses performing an ex-situ chemical oxide 
removal process on a silicon surface so as to remove oxygen from the silicon surface, thereby 
leaving a remaining amount of oxygen at the silicon surface, heating the silicon surface in a 
hydrogen bake to remove the remaining amount of oxygen from the silicon surface, and 
epitaxially growing an epitaxial silicon-containing layer on the silicon surface (pg. 4, para 0017 
- pg. 5, para. 0020). The admitted prior art discloses that this oxygen removal process results in 
a rough silicon surface. The admitted prior art does not disclose that the hydrogen bake step 
includes heating the sihcon surface in a chlorine-containing environment. Like the admitted 
prior art, Comita discloses a method of preparing a silicon surface for subsequent silicon 
epitaxial deposition, wherein the method of preparing the silicon surface involves subjecting the 
surface to a hydrogen bake (col. 1, In. 35-63; col. 7, In. 8-25). Comita teaches that by adding 
HCl and a silane-type gas to the hydrogen bake step, the silicon surface can be prepared such that 
it has the exceptional smoothness that is advantageous in the art (col. 1, In. 35-63). At the time 
of the invention, it would have been obvious to one of ordinary skill in the art to add HCl and a 
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silane-type gas to the hydrogen bake step of the admitted prior art because the admitted prior art 
recognizes that surface roughness is a problem and Comita teaches that by adding the HCl and 
silane-type gas to the hydrogen bake step, surface roughness can be avoided. The admitted prior 
art does not disclose any particular type of semiconductor substrate or integrated circuit device. 
Comita teaches that his surface smoothing method is applicable to a SOI substrate. Comita 
teaches that the ratio of the gases within the chlorine-containing environment can be adjusted so 
that no silicon is deposited onto the semiconductor surface (col. 1 1, In. 41-67). At the time of the 
invention, it would have been obvious to one of ordinary skill in the art to apply the methods 
taught by the adntiitted prior art and Comita to any semiconductor substrate or surface on which 
surface roughness is desired to be smoothed because, as is stated by the admitted prior art, 
surface roughness is a well-known problem and because strained silicon surfaces and pattemed 
thin sihcon-on-insulator substrates are well-known in the art. The admitted prior art does not 
state the specific amount of oxygen that is left remaining after the ex-situ chemical oxide 
removal process. However the admitted prior art states, "A typical HF etch (the ex-situ chemical 
oxide removal process) will remove most of the native oxide, but still leaves a small amount of 
oxide, but still leaves a small amount of oxygen 30 at the SiGe surface" (paragraph 0021). 
Therefore, it appears that the conventional HF etch disclosed by the admitted prior art inherently 
leaves an amount of oxygen at the semiconductor surface that is within the range recited by 
Applicant. 

Claims 5 and 15 are rejected under 35 U.S. C. 103(a) as being unpatentable over the 
admitted prior art in view of Comita et al. (US 6,774,040), as applied to claims 1 and 10 above, 
and fiirther in view of Paton et al. (US 6,8 1 1,448). 
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Regarding claims 5 and 15, the admitted prior art does not disclose any particular 
formulation for the hydrofluoric acid etch. Like the admitted prior art, Paton disclose using a HF 
etch to remove native oxide from the surface of a semiconductor substrate. Paton teaches that a 
H20:HF solution of anywhere from 50: 1 to 1000: 1 (col. 4, In. 22-38). At the time of the 
invention, it would have been obvious to one of ordinary skill in the art to use a H20:HF solution 
of 50: 1 to 1000: 1 because the admitted prior art does not disclose any particular formulation for 
the HF etch and Paton discloses that a H20:HF ratio of 50: 1 to 1000: 1 can successfully 
accomplish the removal of native oxide from a semiconductor substrate. 

Response to Arguments 

Applicant's arguments filed September 9, 2005 have been fully considered but they are 
not persuasive. 

Regarding the rejection of claims 1,10 and 19 as being unpatentable over the admitted 
prior art in view of Comita, Applicant argues that the admitted prior art allegedly fails to disclose 
performing the HF etch (ex-situ chemical oxide removal process) such that the remaining 
amount of oxygen at the semiconductor surface is the same as that of Applicant's. First, 
Applicant's argument that the admitted prior art fails to teach etching the semiconductor surface 
such that it has less than 5 x 10^^ atoms/cm^ is inappropriate, in so far as Applicant's original 
specification and claims state that the semiconductor surface must have more than 5x10^^ 
atoms/cm^ residual oxygen. Furthermore, AppUcant's paragraph 0022 states, "An oxygen dose 
of 5 X 10^^ - 2 X 10^"* /cm^ is typically observed on SiGe surface with 15-25% Ge content, while 
higher oxygen doses are possible with a non-optimized HF etch process." Thereby, it appears 
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that Applicant admits that the typical ("non-optimized") HF etch can be used to achieve a 
semiconductor surface having the amount of residual oxygen recited by Applicant. 

Further regarding the rejection of claims 1,10 and 19 as being unpatentable over the 
admitted prior art in view of Comita, Applicant argues that Comita allegedly fails to disclose 
processing the silicon surface in a chlorine-containing environment without depositing silicon 
onto the silicon surface. Comita recites, 

"The first gas mixture 252 and the second gas mixture 254, can be used to smooth 
a silicon surface and to maintain a thickness for the silicon, such as, for example, on the 
wafer 213." (emphasis added, col. 7, In. 8-1 1). 

"In one embodiment where, for example, more than 100 nm of silicon film 302 is 
to be removed, first a high HC1:H2 molecular concentration ratio is used to provide a high 
removal rate to remove the bulk of the silicon film, and then the mixture ratio is changed 
"in process" to a low HC1:H2 molecular concentration ratio to reduce the removal rate 
towards the end of the treatment process." (col. 1 1, In. 41-47). 

Therefore, Comita teaches that the ratio of gases used in the chlorine-containing 

environment can be used not just to add silicon to the wafer surface but also to maintain the 

thickness of the wafer surface or to remove an amount of the wafer surface. 

Conclusion 

TfflS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
pohcy as set forth in 37 CFR 1 . 136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
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CFR 1 .136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Christy L. Novacek whose telephone number is (571) 272-1839. 
The examiner can normally be reached on Monday-Thursday and altemate Fridays 7:30 - 5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Zandra Smith can be reached on (571) 272-2429. The fax phone number for the 
organization where this application or proceeding is assigned is (571) 273-8300. 

Information regarding the status of an appUcation may be obtained from the Patent 
Application Information Retrieval (PAIR) system Status information for pubhshed applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
apphcations is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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